This paper examines the recently growing adoption of non-pastoral livelihood strategies among the Borana pastoralists in southern Ethiopia. A large portion of the current non-pastoral participation is in petty and natural resource-based activities. Pastoral and crop production functions are estimated using the Cobb-Douglas model to analyse the economic rationale behind the growing pastoralist shift to cultivation and other non-pastoral activities. The low marginal return to labour in traditional pastoralism suggests the existence of surplus labour that can gainfully be transferred to non-pastoral activities. An examination of the pastoralist activity choices reveals that the younger households with literacy and more exposure to the exchange system display a more diversified income portfolio preference. The findings underscore the importance of human capital investment and related support services for improving the pastoralist capacity to manage risk through welfare-enhancing diversified income portfolio adoption.
Diversification and Livelihood Sustainability in a Semi-arid
Environment: A Case Study from Southern Ethiopia
Introduction
This paper examines the patterns and implications of the current livelihood diversification behaviour among the Borana pastoralists in southern Ethiopia.
Pastoralists are people who rely on domestic livestock for most of their income.
Pastoralism is their way of life (Sandford 1983 , Swift 1986 ). Traditional pastoralism is based on the use of natural pasture and is practiced in dry environments where rainfall is generally unreliable for sustainable crop-based livelihoods. There are some distinctions in pastoral typologies which mainly arise due to differences in the level of mobility, the type of species managed, and economic orientation (Pratt et al., 1997) .
Diversification is a core strategy of contemporary rural livelihood systems in developing countries (Ellis 2000 , Barrett et al. 2001a , Reardon 1997 , Reardon et al. 2001 , Niehof 2004 . Despite past development interventions, East African pastoral systems are presently characterised by a dwindling asset base, human welfare deterioration, and the consequent household-level response of poverty driven lowreturn non-pastoral engagements (Coppock 1994 , Little et al. 2001 , Fratkin and Mearns 2003 , McCabe 2003 , Desta and Coppock 2004 . These have mainly been caused by recurrent droughts and conflicts which pose serious threats to pastoral household viability in dryland environments. Population growth, intrusive external interventions, and inexorable loss of pastoral grazing lands due to the continuous pressure of territorial contraction resulting from range encroachments by farming cultures and heedlessly expanding commercial agriculture are among the often quoted major trends that have profoundly threatened pastoralist livelihoods in Africa (Swift and Hamilton 2001) . The deteriorating quality of the natural resource base, declining productivity, and falling animal per capita have resulted in pastoral food insecurity (Webb and Coppock 1997) , often forcing traditional herders to seek alternative livelihood options. East African pastoralists have always sought non-pastoral alternatives both to survive the effects of catastrophic shocks and in response to market opportunities (Dahl 1979 , Horowitz and Little 1987 , Sperling and Galaty 1990 , Rutten 1992 , Coast 2002 . However, the recently increasing adoptions of natural resource-based non-pastoral income strategies such as dryland farming, underscore the need for systematic inquiries into the underlying determinants and their implications for sustainable livelihoods in these fragile environments.
The mainstream household economic theory may serve as a point of departure for the analysis of rural household diversification behaviour (Ellis 1998 (Ellis , 2000 . It considers diversification as a rational economic behaviour adopted in given circumstances of constraints and opportunities. Household economic models (Singh et al. 1986 ) assume that rural households make free choice decisions of allocating their labour and material resources to alternative activities in response to the comparative returns of these engagements. Under perfectly competitive assumptions, the simple economic rule that governs household labour allocation decisions is that an effort invested in any activity increases until the marginal return to its resource use equals that of alternative occupations. The optimal point of the division of household time among various competing alternative activities is achieved at equilibrium where their marginal returns are ultimately equalized (Polzin and MacDonald 1971) . It follows from this abstract economic logic that while household participation in non-pastoral activities should increase in response to higher marginal returns in these activities, it will be inversely related to the level of shadow wages in traditional pastoralism. We test this by estimating the productivity of labour (shadow wages) in traditional
pastoralism and assess what it means in terms of the pastoralist current labour allocation decisions. The household economic theory is analytically restrictive because of its well functioning market assumptions and several other caveats. In reality, rural households' resource allocation decisions are fundamentally constrained by conditions of livelihood asset endowments and related socio-political and institutional factors (Dercon and Krishnan 1996 , Ellis 2000 , Barrett et al. 2001b ).
With critical consideration of the pastoralist livelihood context, other determinants of household activity choice are, therefore, empirically examined using the multinomial logit model.
The rest of this paper is organised as follows. The next section is devoted to a brief description of the study area. Section three presents details of Borana household non-pastoral activity participation. The comparative returns of the pastoralist main activity engagements are estimated in section four. The determinants of pastoral household adopted activity portfolio strategies are examined in section five. The final section attempts to draw policy conclusions based on the findings.
The Study Area and the Data
Borana pastoralism remains a significantly attractive area of study partly because of its livestock resources, institutional peculiarity, and relative ecological potential. The Borana pastoralists live in southern Ethiopia and northern Kenya; their grazing territory in Ethiopia is conventionally estimated to be 95,000km. Based on official government projections, the currently estimated pastoral population in the study area is about 460,000, although this must be treated with caution. A point of special mention concerning the Borana society is about its Gada institution. The Gada is a complex traditional democratic system of self-rule that governs the social, economic, political and spiritual life of the Borana society (Legesse 1973 (Legesse , 2000 . The supreme legislative organ of the Borana traditional self-rule is the Gumi Gayo, which is the general assembly of the Borana from all grazing territories of Boranaland. The
Gumi Gayo is a forum of deliberations and traditional policy making for dynamic adjustment of the Borana society to its contemporary circumstances.
The Borana area is characterised by its very erratic bi-modal rainfall pattern
with an annual average range of 400-700mm, which generally is also an increasing function of altitude (Coppock 1994, Desta and Coppock 2004 The largest portion of Borana landscape is more suited for cattle production (Oba 1998) . The Borana also keep goats, sheep, and camels. A succinct description of the physical and climatic features of the Borana pastoral system is given by Coppock (1994) .
The data used in this study are generated by a cross-section pastoral household survey that covered the period between October 2002 and end of July 2003. A total of 150 households were randomly chosen from villages in four selected study sites (Dhas, Dhoqole, Dubuluq and Romiso), ranging from peri-urban to remote locations.
Two households migrated during the course of the repeated-visits survey. The data collection approach rigorously used a blend of quantitative and qualitative techniques.
Tabular questionnaires (for definition, see Casley and Lury 1987) were used in obtaining the core quantitative data continuously gathered through bi-weekly repeated-visits sample household interviews. Supplementary data on a wide range of issues were also obtained using verbatim questionnaires. Qualitative information was gathered through observational methods, informal group discussions, key-informant individual interviews, and a focused group discussion with about 20 highly experienced elders from different grazing territories of Boranaland. Our empirical results are interpreted in the light of these field investigations.
Given the sensitivity of a great part of our inquiries, there was a conscious effort to gain a high standard in the quality of information gathered by adopting various interviews and rigorous verification techniques in the data collection and survey administration processes. The multi-visit interview approach was found to be useful for addressing the classic problem of getting reliable pastoral income data often encountered in single-visit direct interviews. The interviewers stayed among the community for the entire survey period, offering a wider opportunity to obtain more realistic pastoral herd data. The participatory wealth ranking exercise adopted at the initial stage of sample selection was also useful in the above effort. A quantitative household economic survey among a traditional pastoral community is, however, not entirely immune from pitfalls; there usually remains a case for cautious treatment of reported income levels of especially households in high wealth categories.
The Extent and Patterns of Non-Pastoral Participation
The extent and pattern of Borana livelihood diversity is discussed in this section, first starting with brief definitions of the different categories of pastoral household income.
a) Definition of pastoral household income sources
Pastoral household income sources may be classified into three main categories. These are: pastoralism, dryland farming, and non-farm non-pastoral (NFNP) activities. Since farming and pastoralism are essentially different activities, the former is considered as a form of pastoralist income diversification; farm income is a non-pastoral income. All other non-pastoral activities are, hence, classified as non-farm non-pastoral (NFNP) activities. The income from pastoralism, in turn, consists of milk off-take for own consumption and sales, livestock slaughter for own consumption, livestock sales, and miscellaneous income from sales of hides and skins.
The sum of values of these product components then gives gross pastoral income. 
b) The Borana wealth ranking categories
We used the community criteria in the sampling stratification of Borana households. influenced by profound market developments such as international tourism to widen the scale of their income diversity (Rutten 1992 , Campbell 1999 , Desta and Coppock 2004 . Income diversification in the area generally appears to follow a U-shape pattern, and the strategy is largely adopted by the poor for survival. Reardon et al. (2000) attribute this phenomenon to the availability of high labour-to-capital ratio jobs which have low entry barriers, allowing poor people to find jobs easily. Moreover, such redistribution of non-farm incomes is more probable if infrastructure is relatively good, population and market densities are high, the agricultural sector is dynamic, landholdings are unequal, and the degree of urbanisation of the rural area is high. The low level diversification in the middle would depend on households in the mid-range being able to specialise in crop production, while richer households are able to diversify into more capital intensive activities. The NFNP income share is the highest for the poorest group; it substantially drops for the middle rank and rises again for the highest wealth category. For the very poor, diversification is a key strategy for survival while the rich are mainly motivated to diversify in response to wealth accumulation opportunities for welfare enhancement. Coping as a survival strategy in response to shocks and consequent substantial asset loss (Ellis 2000) profoundly entails more involvements of poor households in traditionally uncommon livelihood pursuits.
In term of income shares, the level of reliance on pastoralism increases with wealth status. per cent for the rich category. However, as shown in Table 2 , farming figures less prominently in the non-pastoral income portfolio of the very poor whose activity mix rather exhibits a comparatively higher NFNP component. In percentage terms, farming is a much larger source of non-pastoral income for the second and third wealth ranking categories than it is for the very bottom and the top ones.
Farming in the Borana tradition had been considered falfala (evil or disgraceful), perhaps, because of its perceived resource competition with livestock production; it was only formally allowed by the 1972 Borana Gumi Gayo assembly.
The 1996 assembly, according to Gollo Huqqaa (n.d), further upheld the promotion of farming in the area. Huqqaa records this motion as being justified by the development of a taste for cereal consumption, decreasing cattle productivity, and shrinking grazing land. The sustainability of this change is, however, quite questionable due to the possible long-term environmental repercussions of the recent pervasive rangeland colonisation for arable farming.
The extent and pattern of pastoral household reliance on different categories of non-pastoral activities is shown in Table 2 For the very poor, the petty trade and crafts activity category (see notes to 
Estimation of Returns to Labour in Farming and Traditional Pastoralism
From his field investigations in the 1960s, one of the distinguished scholars on Borana ethnography wrote: 'They [the Borana] have nothing, but contempt for those who stoop to till the soil' (Legesse 1973, p.17) . Nowadays, however, the Borana have generally become enthusiastic land tillers. Here, we turn to the investigation of the economic rationale behind the prevailing practice of increasing pastoralist involvement in arable farming and other non-pastoral activities. Livestock and crop production functions are estimated in order to compute their comparative marginal returns and to assess their implications for the pastoralist seasonal labour allocation decisions.
a) The statistical model specification
Assuming continuous and differentiable production functions for pastoral and farming activities, the estimation procedure uses the Cobb-Douglas (C-D) production technology generally represented by the functional form:
where Q denotes output, Ω positive constant, and L and K are labour and capital inputs, respectively. 4 α and β are positive fractions representing elasticities of output Q with respect to L and K inputs, respectively. The sum α+ β gives the degree of returns to scale. For empirical estimation, a double-log transformation of equation [1] is written as:
The shadow wages (marginal products) of household labour are empirically computed means estimated using the formula:
where ∧ Q is the predicted value of output derived based on the estimated equation, α is the respective value of the partial elasticity coefficient and L i total hours of household labour (Jacoby 1993 , Skoufias 1994 ).
For empirical estimation, the definitions and descriptive statistics of variables in the livestock and crop production functions are summarised below in Table 3 .
b) Variable definition and estimation
Livestock production function estimation is less common than crop function estimations; it is usually problematic because of the implied measurement difficulties (Jacoby 1992 (Jacoby , 1993 . The special case about the mobile pastoral mode of production is that, unlike in farming systems, land is not a fixed factor for the individual producer and livestock are the key capital input. It is extremely difficult to measure the size of land input for individual stockowners in mobile pastoral systems.
Pastoralists produce milk and meat. The amount of milk produced depends on the scale of pastoralist labour efforts in various livestock production activities. A more difficult issue is how to account for the meat component of pastoral output. In a case study of a mixed farming system, (Jacoby 1992) indicates the special difficulty of the livestock component in farm household production function estimation.
Here, the total value of pastoral production (P) is the dependent variable in the estimation of the livestock production function. It is the sum of values of milk and meat off-takes, both marketed and unmarketed. Concerning meat off-takes, the value of estimated annual stock appreciation may be additionally included as a measure of return to the pastoralist labour efforts as pointed out in (Jacoby 1992) . However, this is not considered here due to lack of reliable data on pastoral herd growth rates and weight gains.
The input variables in the livestock production function estimation are pastoral labour (L) and livestock capital (K). 5 The pastoral labour input is measured in total hours used by a household in identified areas of animal production activities that include herding and watering different classes of livestock, milking animals, calf feeding, animal dung removal and cleaning activities, construction of corral, and management activities. It is hours used by all working members of sample pastoral households for the survey period and converted into adult equivalent.
Turning to the crop production function, the dependent variable (C) is the total value of crop production per household. The households reported quantities of different crops, and these are valued at average local market prices. The labour input (F) is reported hours used in farm operations ranging from land clearing to crop harvesting. It is mainly a family labour, but also includes any hired as well as borrowed labour. The land input (N) is the area cultivated and is measured in Sangas, which is a standard local unit representing an average area of land worked by a pair of oxen per cultivation day. 6 Oxen power (O), measured in oxen days, is also included. It may be important to stress at this point that, despite all the efforts, recall errors are almost inevitable in this kind of exercise. The recall problem in this study is probably less pronounced for the labour data on livestock production than for crops.
The livestock production labour data were specially generated by a detailed repeatedvisits routine recall interviews and observations of household time use by all working members over the entire survey period. However, as is usually the case, the crop labour data were collected in single-visit interviews which inevitably entail unavoidable recall errors. The crop production data are typically sensitive to the erratic climatic conditions of the area; but our conclusions are based on a normal year assumption.
c) Results and implications
The OLS estimates of the Cobb-Douglas production functions are displayed in Table 4 . The models explain the data with strong level of significance. The coefficient estimates are consistent with a priori expectations. As can be seen, the coefficients of the livestock production variables are strongly significant. The livestock production elasticities in the C-D model add up to one consistent with the theoretical assumption of constant returns to scale. Perhaps, a rather important case here is that the largest share (84 per cent) of the output generated in the pastoral production system is contributed by livestock capital. Other things being equal, a 10 per cent increase in livestock capital leads to nearly 9 per cent increase in pastoral output.
With respect to crop production estimates, the land and oxen coefficients, though positive, are found to be statistically insignificant. Dryland farming practice in the area is generally influenced by the extreme variability and erratic nature of climatic conditions both across villages and seasons. A partial abandonment of cultivated land is sometimes quite common. The problem appears to be compounded by the prevailing poor practices of inadequate land preparation and crop management experience. As can be seen, the effect of location on farm output is strongly significant. It is partly indicative of the state of pastoralist cultural practice in the arable farming area. Peri-urban cultivators are relatively more experienced in land preparation and crop management practice than pastoralists in remote locations such as Dhas, or than those at locations of a recently increasing household new involvement in arable farming (for example, Dubuluq). Overall, the results show that the benefit of farming is, perhaps, rather better maximised through labour intensification in adequate farming and crop management practices than the apparently wasteful ambitious horizontal expansion. Table 5 shows returns to labour from selected activities. The marginal and average returns to labour from pastoralism, dryland farming, and natural-resourcebased income generating activities are derived from estimated model coefficients. The return estimates for the natural-resource-based activities are similarly based on the C-D model, but only with labour input. The elasticity coefficient is statistically significant at 1 per cent level, but it needs to be cautiously treated because the estimation is based on a small number of sub-sampled households. 8 The estimation of marginal, or average returns for a variety of other NFNP activities was not possible because of the size inadequacy of household sub-samples in these activities. The return for casual farm work is a simple average of on-farm wage earnings over hours of labour hired out by some poor households in the sample.
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The estimates presented in Table 5 Farming and pastoralism are, however, highly competitive in their use of the natural resource base (that is, more fertile land) of the system. It is this latter aspect that triggers a concern for the long-term implications of the presently expanding crop cultivation practice in Boranaland. The results also indicate that doubling efforts in the dryland farming activity do not seem to result in equi-proportional output response because of the apparent low productivity of the semi-arid environment.
The Determinants of Household Activity Choice
Using a similar methodological approach to Dercon and Krishnan (1996) , five activity categories are identified to gain some insights as to the determinants of pastoral household activity choice. The level of Borana household participation in each activity category is shown in Table 6 .
Households that adopt the first activity category (AP1) participate in pastoralism, farming, and high return activities such as livestock trade, wage employment, and other relatively more capital-intensive engagements. This activity category is adopted by higher income households. The second activity category (AP2) is adopted by a considerable portion (25 per A multinomial logit model is used to examine the determinants of alternative household activity-mix strategies. Multinomial logit analysis is a widely used technique in applications that analyse polytomous response categories in different areas of economic and social studies. The central concern here is to explain factors that determine the probabilities of household engagement in alternative non-pastoral activity categories.
The behavioural notion of the model may be invoked here by considering pastoral households as rational decision makers. Households are assumed to adopt an activity portfolio choice that maximizes their utility from the expected earning gains from these activities (Dercon and Krishnan, 1996) . The utility that can be obtained by a household h from a choice category j is fundamentally associated with: a) the attributes of the activity categories such as their capital and skill intensity, the nature of their local demand and rate of return to factor inputs; and b) the characteristics of the individual household decision maker: the household's demographic characteristics, asset endowments, tastes, risk preference, and location factors. The observed pattern of household's activity engagement is then considered to be a reflection of its revealed rational choice subject to these conditions (Barrett et al. 2001b ).
The discrete choice formulation of the utility maximisation assumption for individual household h that chooses from the j alternatives is usually expressed as: household utility maximization choice are supposed to be embedded in the explanatory variables vector X. Nevertheless, the attributes of the choice categories often apparently remain notional in the context of many empirical applications due to lack of data (Judge et al. 1985) .
The explanatory factors in the multinomial regression of pastoralist activity choice could be categorised as household level attributes which include household demographic characteristics, asset endowments, and access to opportunities represented by distance. These are represented by the explanatory variables of gender of the household head (FEMHEAD), age of the household head (AGE), household size (HHSIZE), size of household male workforce (MALE15-64), wealth status (STOCKSIZE), level of education (EDUCATION) and distance from the nearest town (DCENTRE).
The results are shown in Table 7 . The pastoralism-farming activity mix is taken as a base for comparison. The likelihood of adopting activity portfolio 1 (AP1)
versus the currently most common activity mix (AP4) is significantly determined by gender, age, household size, wealth status and level of education. The probability of choosing the activity portfolio strategy with high return non-pastoral element (AP1) decreases with age as well as being female-headed. As expected, it does, however, increase with wealth status and education. 11 It is the rich and younger pastoralists with some level of education or exposure that are generally found to be involved in relatively high return non-pastoral occupations. The likelihood of involvement in the latter as opposed to the base category decreases with distance, but the coefficient is not statistically different from zero. It shows an emerging positive tendency where, regardless of location, the new generation of rich and relatively enlightened Borana pastoralists is considering investment of their livestock proceeds in high return nonpastoral alternatives.
Activity portfolio categories AP2 and AP3 are strategies mainly adopted by the relatively poor and the stockless. The likelihood of adopting these activity portfolio strategies significantly increases with being female-headed, decreases with wealth status, and is positively associated with household size. The difference between the two pastoral household activity portfolios is that distance is a significant explanatory factor in the choice of AP3 which largely includes firewood collection and charcoal making. This latter strategy can normally be adopted only by those around towns, or near the main road to particularly satisfy the charcoal and fuel-wood demands of urban dwellers.
With respect to pastoralism and farming, the probability of non-pastoral activity choice decreases with age, other things being equal. The likelihood of remaining in pure pastoral activity increases with age and decreases with the household size. Older households with smaller workforce tend to remain in pure pastoralism (AP5). Despite the limited opportunities, the current younger generation of Borana pastoralists shows a higher propensity to hunt for alternatives outside traditional pastoralism both for survival and wealth accumulation. The likelihood of remaining in pastoralism activity increases with wealth status, but surprisingly this is statistically insignificant. It particularly indicates the recent increasing participation of wealthy pastoralists in dryland farming. Contrary to expectations, the likelihood of sticking to pure pastoralism as compared to farming is not generally influenced by distance from towns which reflects the currently mushrooming rangeland enclosures for arable cultivation in many remote pastoral villages.
Conclusion
The Borana pastoral area has usually been considered as a potential source of surplus for national economic growth owing to its relatively huge livestock resources.
The problem of failure to realise this perceived potential is at the same time ascribed to the pastoralists' recalcitrant attitude to change. Nevertheless, poverty driven income diversification is currently becoming an important aspect of the pastoral livelihood dynamics when compared to the past. Centrally driven by external shocks and trends in the system, the Borana household livelihood diversification is generally characterised by a growing shift of surplus labour to arable farming and other petty activities that place a heavy pressure on the natural resource base of the pastoral system. The poor resort to cultivation mainly for survival. It is also tempting, at least in the short-run context, for wealthy households to commit their excess labour to dryland cultivation in pursuit of the traditional goal of livestock accumulation. With growing cereal supplements in the pastoralist diets, it apparently helps them to minimise livestock off-takes for cereal grain purchases. Given the prominence of household surplus labour shifts to crop cultivation, the current diversification behaviour displays a high covariate risk activity mix; thus, it may not be considered as being wholly driven by risk management motive (Little et al. 2001 ).
Ethiopia's recent policy statement on pastoral development emphasises transformation strategies that are fundamentally linked to non-pastoral options with a long-term goal of pastoralist sedentarisation (Ethiopia: MFA, 2002) . In the Borana case, despite the apparent difficulties, pastoralism still remains the single most important source of surplus for welfare enhancing non-pastoral pursuits in the future.
The livestock economy may still need to be a central focus for growth-oriented pastoral household resource commitment to non-pastoral activities. Growth-oriented non-pastoral activity participation is found to be significantly determined by household human capital acquisition. Past rangeland development projects, though their primary goal was livestock off-take, have failed to significantly achieve their commercialisation aims, principally because of the complete neglect of investment in human capital. From the empirical results, an effective integration of the pastoral economy into the broader exchange system is profoundly conditioned by the level of commitment to education and skill development in the area. The relatively skilled and literate younger Borana household heads, irrespective of location, display more diversified income portfolio preference than those with no literacy and exposure. In addition to its wider choice implications, human development investment will, therefore, substantially improve the pastoralist capacity to manage risk through welfare-enhancing diversified income portfolio adoption. Despite the apparent shortrun gains, a great deal of the current pastoralist diversification practice is otherwise largely inconsistent with the principle of livelihood sustainability in the Borana rangelands.
Another issue of practical policy concern is related to the received wisdom about pastoral households' non-pastoral labour supply. Traditionally, the Borana are cattle herders. The conventional belief about the pastoral mode of life is that the people have less taste for any occupation other than herding their cattle. However, the Borana are generally no longer reserved for non-pastoral jobs. A growing number of families are willing to earn non-pastoral income partly for investment on livestock.
Properly planned labour-based development programmes may, therefore, significantly contribute to the growing cash needs of the poor and those with excess labour.
Complementary investment on community level basic skills training programmes will have a substantial reward in this respect. The benefits of relatively costlier (possibly on per capita basis) investment efforts in pastoral areas, of course, should be evaluated in terms of avoiding the threats of long term humanitarian disasters. Natural resource-based activities: forest wood selling, charcoal making, and firewood collection; b includes various retailing activities, dairy product marketing, food selling, brewing, chat selling, "brokerage" in livestock marketing, traditional hair making, masonry, and smithing. 2. The figure for the highest quartile may be an underestimate due to the well-known difficulty of complete enumeration of the wealth of the rich.
TABLES
3. Livestock traders are all men, but rich traders often own shops and related small business activities that are run by female household members. In some cases, female members of wealthy households are found to participate in petty trading activities for extra income earnings.
4. The Cobb-Douglas model is a widely used functional form due to its relative simplicity in estimation and interpretation. It, however, restrictively implies unitary elasticity of substitution (Griffiths et al. 1993 ). The translog model is often specified as an alternative flexible functional form though still with various complications of its own (Greene 1980 , Jacoby 1993 , Abdulai and Regmi 2000 . A joint test of significance of the relevant parameters in our initially specified translog crop production function rejected the appropriateness of the model. For pastoral production, the computed return estimates based on the translog model are found to be nearly identical with the results reported here using the C-D technology.
5. This is expressed in livestock units based on conversion factors: cows (1), heifers (0.75), calves (0.34), young male (0.54), bull/steer (1), small stock (0.13), camel (1.25), horse and mule (1), donkey (0.74).
6. The district Department of Agriculture considers six Sangas as being equal to one hectare though our interview with their experts gains no evidence whether this is based on systematic field measurement. Our actual field measurement, though limited to a few plots in Romiso village, shows that four Sangas = one hectare.
7. Livestock are mobile and the inclusion of village effects in the pastoral production function is of less technical appeal. 8. A model of the form Y=aX b is estimated based on 14 observations of charcoal makers and fuel wood collectors; here Y is the total value, and X stands for labour hours. The estimated elasticity coefficient is 1.0 and statistically significant at 1 per cent level. The estimated marginal and average productivities are almost equal due to the absence of any significant input contribution other than labour.
9. The casual farm work average earning and unskilled urban wage rates are recorded here in the marginal returns line, with the consideration that these rates signal alternative income opportunities to the pastoralist. We are grateful to one of the anonymous referees for the suggestion.
10. See (Cook 1996) for similar interpretations in other contexts.
11. The education variable is found to be statistically insignificant in two recent highland Ethiopia studies (Block and Webb 2001, Woldenhanna and Oskam 2001) . The Tigrary region result by Woldenhanna and Oskam might partly reflect the induced income diversification financed by the massive government and NGO supported unskilled off-farm employment schemes in the area.
